efficiencies of up to 18.6% [3] , standard mc-silicon solar cells (1Ox1Ocm2) possess efficiencies of 13-15%. The primary cause for lowered efficiencies is localized regions of high minority carrier recombination. These regions possess high concentrations of dislocations [4] [5] [6] . It is known that minority carrier recombination at dislocations themselves is relatively weak but greatly increases by decoration or precipitation of transition metal impurities [7] [8] [9] [10] . This suggests that dislocations in high recombination regions of mc-silicon are decorated with transition metals, however, past research has not presented direct evidence showing the source for carrier recombination at these dislocations. Jastrzebski, etal., [11] , have presented results which indirectly suggest that metal impurities could be precipitated in regions of high carrier recombination of mcsilicon. Other work has revealed that metal impurity agglomerations are present at dislocations in mc-silicon [12] , however, no correlation was established to carrier recombination. This research seeks to determine whether a correlation between metal impurity distributions and regions of high minority carrier recombination exists in mcsilicon solar cells. X-ray Fluorescence (XRF) spectra were taken at IJ.lm 2 points in the region of precipitate is assumed present, the precipitate diameter can be calculated from the measured impurity concentrations. Further assuming the precipitate is located at or near the surface, the precipitate diameter, d, is given by:
where dose is the measured concentration (atoms/cm\ area is the sampled area, i.e. the xray spot size, and density is the atomic density of the impurity in the precipitate. For instance, the measured concentration of 5x 10 16 atoms/cm 2 for Fe, shown in Figure 3b , would suggest one precipitate with a diameter of 0.288/-lm is present in that area. This is calculated with 1/-lm2 x-ray spot and a:-Fe atomic density of 4x10 22 atoms/cm 3 in FeSi 2 . It .
should be noted that equation (1) assumes no absorption of the outgoing fluorescent xrays by the silicon matrix, i.e., the impurities are assumed to be at the surface. This assumption only allows for calculation of a lower limit to the concentration of impurities in each 1/-lm2 region of the material. A more accurate calculation of the diameter of the impurity precipitate can be made using equation (2) if the depth of the Fe precipitates/agglomerates is known .
Here Q is the depth of the precipitate and J..l is the linear absorption coefficient for the matrix material, e.g. silicon, for the x-ray fluorescence radiation emitted by the impurity, e.g. FeKa.
A critical assumption of the calculation of impurity precipitate size in equation (l) is the assumption that only one precipitate exists in the 1 J..lm 2 measured area. Contrary to this presumption is past work, [12] , which has shown Cu and Ni precipitates in mcsilicon exist in nm-scale precipitates/agglomerates, which are dispersed over J..lm-scale regions. Furthermore, work of Shen etal., [15] , has indicated that Fe forms a fine dispersion along dislocation lines as opposed to solitary clusters or precipitates. These past works would suggest a fine dispersion of impurity precipitates exist in the XRF maps . . . "
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